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Пояснювальна записка до дипломної роботи, "Позиціонування за 
інформацією попередження зіткнень літаків": 98 сторінок , 39 малюнків , 1 
таблиця , 45 посилання. 
Об’єкт дослідження – метод позиціонування. 
Предмет дослідження – метод позиціонування за інформацієюTCAS 
Мета роботи – дослідження та розробки програмного забезпечення для 
реалізації позиціонування за інформацію системи попередження зіткнень 
літаків, її алгоритмічної та програмної реалізації . 
Метод дослідження - комп'ютерне програмування в середовищі Matlab . 
Однією з найбільш важливих систем в сучасному польоті є система 
позиціонування. На сьогоднішній день системи GPS або інші системи 
супутникової навігації присутні майже на всіх повітряних суднах. При 
відсутності такої системи на борту або її непридатності для використання ,  
можемо отримати місцеположення з достатньою точністю на основі інформації, 
отриманої з системи TCAS. 
Цей спосіб позиціонування заснований на рішенні навігаційого рівняння. 
Програмне забезпечення для вирішення цієї проблеми , а також для оцінки 
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Explanatory note to the master's thesis , " TCAS Positioning" : 98 pages , 39 
figures , 1 tables , 51 references. 
Investigation object – positioning tech. 
Investigation subject - positioning algorithm by information of TCAS 
Purpose of the work - to research and development of software for the 
implementation of positioning information for collision avoidance system, its 
algorithmic and program implementation. 
Investigation method - computer programming in Matlab. 
One of the most important systems in modern positioning systems are flying 
aircraft in space. Has relevance today the availability of GPS and other satellite 
navigation systems . In the absence of such a system on board or because it unusable , 
we can get your location based on the information obtained from the system TCAS. 
And with the help of mathematical calculations to determine our position in space 
with sufficient accuracy . 
This positioning method is based on solving the navigation equations . 
Software to solve this problem , as well as to assess the accuracy and calculation 
coefficients DOP, was created in Matlab. 
 
 
TRAFFIC COLLISION AVOIDANCE SYSTEM, POSITIONING, GLOBAL 
SATELLITE NAVIGATION SYSTEM, NAVIGATION EQUATION, 
ACCURACY, DILUTION OF PRECISION 
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LIST OF ABBREVIATIONS AND EXPLANATION OF TERMS 
ACAS/TCAS       Airborne/Traffic Collision Avoidance System  
ADS-B                 Automatic Dependent Surveillance Broadcast  
AFB                     Air  Force Base 
ATC                     Air Traffic Control  
ATCRBS             Air traffic control and radar beacon system  
BOC                     Binary Offset Carrier 
CS                        Commercial Service  
CPA                     Closest Point of Approach  
DoD                     Department of Defense  
DOP                     Dilution of Precision  
ECEF The global geocentric coordinate system  
EFIS Navigation Display in "ROSE" mode with traffic display 
EGNOS European Geostationary Overlay System 
FAA Federal Aviation Administration 
GDOP Geometric DOP 
GNSS Global Satellite Navigation Systems 
GPS Global Positioning System 
HDOP Horizontal DOP 
ICAO International Civil Aviation Organization 
IVCI Instantaneous Vertical Speed Indicator 
LAAS Local Area Augmentation System 
LAN Local 
MAC Mid-Air Collision 
MTOM Maximum Take-Off Mass 
MTSAS Multifunction Transport Satellite System 
ND Navigation Display 
PDOP Positional DOP 
PRN Pseudo Random Sequence 
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QoS Quality of Service 
RA Resolution Advisory 
SAR Search and Rescue 
SV Space Vehicle 
SOL Safety-of-life Services 
SISA Signal in Space Accuracy 
TA Traffic Around 
TDOP Time DOP 
UTC Universal Coordinated Time 
VDOP Vertical DOP 






Thesis actuality. Today is very relevant topic to find new and alternative 
methods of navigation. thesis is focused on finding alternative methods of positioning 
information for collision avoidance systems 
Thesis relation with scientific research programs, schedules and themes  
Scientific research was done in the framework of fundamental researches of 
Eurocontrol, Federal aviation administration and EASA. 
Purpose of the work – explore a method for determining aircraft position 
information for TCAS, create an algorithm for solving this problem, as well as a 
program that can determine the position of the aircraft with a certain precision and 
accuracy to calculate the coefficients. 
For the achieving of the thesis purpose the following tasks have been set: 
- The search for alternative methods of positioning in the airspace;  
- Development of a method for positioning the TCAS information from 
neighboring aircrafts;  
- Development of the search algorithm and calculating the location;  
- Avoidance of conflicts in the airspace;  
- Development of software for calculating the position of the aircraft in space, 
evaluation of the accuracy of positioning. 
Investigation object – onboard positioning methods of aircraft. 
Investigation subject – positioning method by information from TCAS. 
Investigation method – computer based imitation simulation method. 
Science research novelty Navigation requires new discoveries. based on the 
principles of avionics and aircraft collision avoidance systems, has developed a 
technique of positioning. 
Practical results of science research. As a result of the software was designed 




CHAPTER 5. SIMULATION OF POSITIONING TECHNIQUE 
5.1. Simulation software 
 
This algorithm (Figure 4.1) was designed for the rated output of the error and 
subsequent DOP- figures for evaluation. First of all, we have a mathematical model 
for the aircraft , the coordinates will be considered , and model airplanes, which we 
will do it . One of the first mathematical actions we need to find this unknown 
calculated distance from TCAS aircraft coordinates are looking for with other 
systems TCAS. The input data for this location has close to us planes and distance to 
them. 
After that, our software system is already known distance produces navigation 
solution of the equation calculates the location of the object , ie the coordinates . 
The next step is to assess the accuracy with subsequent calculation of the 
coefficients of DOP. 
All formulas used to perform a mathematical part of the work , and the 
simulation results are induced below. 
75 
X, Y, Z
Mathematic Model of 
Aircraft with ACAS 
Positioning Algorithm
Mathematic Model of 
Other Aircrafts
Distance Calculation by Airborne 
Collision Avoidance System Algorithm
Position Decision Algorithm
Error Calculation
Delusion of Precision 
estimation
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Figure 4.1 – Structure scheme of simulation software 
 
5.2. Math model of Aircraft 
 
For problems of air traffic control, you can use a simple model, containing 
controlled parameters. That takes into account the peculiarities of piloting. However, 
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the feature of these models is that the thermopile Connectivity of these parameters 
with position coordinates of the object nonlinear. 
A lot of time aircraft spend on the horizontal flight. Flat-plane motion of a fixed 



















                                        (4.1) 
where V - air speed;  - angle rate; U - wind speed; v - the angle of the wind; g - 
acceleration of gravity,  - roll angle, W - ground speed. 
 
Figure 4.2 – The horizontal movement 
The last equation of (4.1) follows from the balance of forces in lateral movement 
at the turn coordinated aircraft.  
For areas. where the maneuvering height and speed. system of equations (4.1) 
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where   - angle of trajectory, a - longitudinal acceleration.  
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To give the model (4.1) the linear form, perform its linearization with respect to 


























                          (4.3) 
where the symbol marked departure from the program path.  






Assuming that the state vector Tyxx ],,[  vector controlling signals 










































































To record the model (4.2) in the linearized vector-matrix form must assume the 
state vector as  TVhyxx  ,,,,  , vector controls -  Tu  ,, . 
As a result of calculations, we obtained the following model. 
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Figure 4.3 – Air traffic simulation results in horizontal plane 
 
Figure 4.4 – Air traffic simulation results in 3D space 
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5.3. Error calculation 
 
To find the statistical characteristics of the errors listed in the rectangular 
coordinate system of measurement, you can use the usual method of linearization, 
resulting in the expression obtained by: 
)()()( ivixix x , 
)()()( iviyiy y  
where x *, y * - listed in a rectangular coordinate system measurement range 
and azimuth, yx vv ,  - appropriate error determination rectangular coordinates.  
Solve this problem for the x coordinate. We write the coordinates 
communications with the measured values of range and azimuth: 
  sin),(fx . 
We perform the linearization of this expression by expanding the function 
),(  f  in a Taylor series about the true values of  , , dismissing members of row 
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Determine the variance of the error 
]coscossin2sin[][ 2222222   vvvvMvMD xxvx  . 
Apply an operation to every expectation terms, while we take into account that 
as the measurement error range and azimuth independent, 0][  vvM .  
As a result, we obtain  
 
222222 cossin x . 
Similarly, for the coordinates y 
 
222222 sincos y . 
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Note that the variance of error determination rectangular coordinates depends on 
the airship (values of  , ), while the variance of errors as a measurement of distance 
and angle does not change. 
 
5.4. DOP calculation 
 




















 where 222 )()()( zzyyxxR iiii   and 
where x, y and z denote the position of the receiver and ii yx ,  and iz  denote the 

























































































The first three elements of each row of A are the components of a unit vector 
from the receiver to the indicated satellite. If the elements in the fourth column 
are c which denotes the speed of light then the t  factor (time dilution) is always 1. If 
the elements in the fourth column are -1 then the t  factor is calculated 
properly. Formulate the matrix, Q, as: 
1)(  AAQ T  














































The horizontal dilution of precision, 22 yxHDOP   , and the vertical dilution 
of precision, 2zVDOP  , are both dependent on the coordinate system used. To 
correspond to the local horizon plane and the local vertical, x, y, and z should denote 
positions in either a north, east, down coordinate system or a south, east, up 
coordinate system. 



















One of the most important systems in modern positioning systems are flying 
aircraft in space. Has relevance today the availability of GPS and other satellite 
navigation systems . In the absence of such a system on board or because it unusable , 
we can get your location based on the information obtained from the system TCAS. 
And with the help of mathematical calculations to determine our position in space 
with sufficient accuracy . 
This positioning method is based on solving the navigation equations . 
Software to solve this problem , as well as to assess the accuracy and calculation 







 GENERAL CONCLUSIONS 
 
In the scope was explored a method for determining aircraft position 
information for TCAS, create an algorithm for solving this problem, as well as a 
program that can determine the position of the aircraft with a certain precision and 
accuracy to calculate the coefficients. 
For the achieving of the thesis purpose the following tasks have been set: 
- The search for alternative methods of positioning in the airspace;  
- Development of a method for positioning the TCAS information from 
neighboring aircrafts;  
- Development of the search algorithm and calculating the location;  
- Avoidance of conflicts in the airspace;  
- Development of software for calculating the position of the aircraft in space, 
evaluation of the accuracy of positioning. 
One of the most important systems in modern positioning systems are flying 
aircraft in space. Has relevance today the availability of GPS and other satellite 
navigation systems . In the absence of such a system on board or because it unusable , 
we can get your location based on the information obtained from the system TCAS. 
And with the help of mathematical calculations to determine our position in space 
with sufficient accuracy . 
Disadvantages of satellite navigation system: 
- high sensitivity to industrial and atmospheric interference;  
- momentary loss of signal from the navigation satellite associated with shading 
antenna installed on board the aircraft, aircraft structure during the maneuver;  
- lack of positional accuracy for solving the precision approach.  
This positioning method is based on solving the navigation equations . 
Software to solve this problem , as well as to assess the accuracy and calculation 
coefficients DOP, was created in Matlab. 
Dilution of precision - an indicator of satellite geometry for a constellation of 
satellites used to determine a position. Positions with a lower DOP value generally 
constitute better measurement results than those with higher DOP. Factors 
87 
determining the total GDOP (geometric DOP) for a set of satellites include PDOP 
(positional DOP), HDOP (horizontal DOP), VDOP (vertical DOP), and TDOP (time 
DOP). The accuracy and calculation coefficients DOP, was created in Matlab. 
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Appendix A 








v=0.3 % meter per sec 
  




























    for j=2:time 
        if j==tim(i) 
        latitude(i,j)=lat0(i) 
        longitude(i,j)=lon0(i) 
        altitud(i,j)=altitude(i) 
        elseif j>tim(i) 
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        latitude(i,j)=latitude(i,j-1)+x_lat 
        longitude(i,j)=longitude(i,j-1)+x_lon 
        altitud(i,j)=altitude(i) 
        else 
        latitude(i,j)=lat0(i) 
        longitude(i,j)=lon0(i) 
        altitud(i,j)=altitude(i) 
        end 
    end 
end 
axis([minlat maxlat minlon maxlon 1000 9000]) 
  
plot3(latitude',longitude', altitud') 

























    a_lat=[a_lat alat(j)*ones(1,n)]; 
    a_lon=[a_lon alon]; 














% dd - a vector of row indices of the nonzero entries of 
X 







% filtring more then two stantion 
visiblw=visibl; 
for i=1:size(visiblw,1) 
    clear mr  
    mr=0; 
    for j=1:size(visiblw,2) 
        if visiblw(i,j) 
        mr=mr+1; 
        end 
    end 
    if mr<=2 
        visiblw(i,:)=zeros(1,size(d_lat,2)); 
    end 
end 
  
% G matrix 
for i=1:size(xx,2) 
    if(sum(visiblw(i,:))) 
    clear G GG m x2 y2 z2 d2 
    m=0; 
      for j=1:size(visiblw,2) 
        if (visiblw(i,j)) 
        m=m+1; 
        x2(m)=x(j); 
        y2(m)=y(j); 
        z2(m)=z(j); 
        d2(m)=visiblw(i,j); 
        xxx(i,m)=d2(m); 
        end 
      end 
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G=[(x2'-xx(i))./d2', (y2'-yy(i))./d2', (z2'-zz(i))./d2']; 
GG=inv(G'*G); 
    EDOP(i)=sqrt(GG(1,1)); 
    NDOP(i)=sqrt(GG(2,2)); 
    VDOP(i)=sqrt(GG(3,3)); 
    HDOP(i)=sqrt(NDOP(i)^2+EDOP(i)^2); 
    PDOP(i)=sqrt(NDOP(i)^2+EDOP(i)^2+VDOP(i)^2); 
    else 
    EDOP(i)=0; 
    NDOP(i)=0; 
    VDOP(i)=0; 
    HDOP(i)=0; 
    PDOP(i)=0;   
    end 
     
end 
%acurancy of TCAS positioning equipment 
dmea=zeros(size(visiblw,1),size(visiblw,2)); 
for i=1:size(visiblw,1) 
    for j=1:size(visiblw,2) 
        if(visiblw(i,j)) 
dmea(i,j)=0.17*1852+0.0005.*visiblw(i,j); 
        end 
    end 









   ax(i,:)=a_lat(k+1:i*n); 
   ay(i,:)=a_lon(k+1:i*n); 
   az(i,:)=wi(k+1:i*n); 
   ahdop(i,:)=HDOP(k+1:i*n); 
   avdop(i,:)=VDOP(k+1:i*n); 
   apdop(i,:)=PDOP(k+1:i*n); 
   mist(i,:)=dmeaa(k+1:i*n); 
   k=i*n; 
end 
totala=mist.*apdop 
% Compute the latitude and longitude limits for the DEM.  
latlim = [min(d_lat) max(d_lat)]; 
lonlim = [min(d_lon) max(d_lon)]; 
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geoshow(ax, ay, ahdop, 'DisplayType','texturemap') 







geoshow(ax, ay, avdop, 'DisplayType','texturemap') 







geoshow(ax, ay, apdop, 'DisplayType','texturemap') 
geoshow(d_lat, d_lon,  'Marker', '.', 'Color', 'red', 
'Line', 'no'); 
colorbar; 
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